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of the Indian Ocean belongs to one system as such an extended 
nodal line would imply. 

We are therefore led to believe that there is a region of small 
semidiurnal tides extending from Freemantle to Mauritius 
Island, and that the absence of a good tide is due to the fact 
that the distance between western Australia and Madagascar 
does not approximate to 1 or to 4 1 as an east-and-west sta- 
tionary wave would require. However, on account of the pro- 
gressive waves in various parts of the North Indian Ocean, 
there may be a small wave progression northward across the 
region of small tides just referred to. 

There is some inward progression from Rodrignez north- 
westerly toward the Farquhar Islands and Cape Amber, but 
it is to some extent mixed up with the stationary wave around 
northern Madagascar. That is, it is a somewhat irregular 
progression. In  fact the tide between Rodriguez Island ancl 
Cepe Amber is due chiefly to the rise ancl fall a t  the north end 
of Mozambique Channel. That is, a species of dependent 
oscillation, part stationary and part progressive, is maintained 
by this rise and fall. A somewhat similar effect may exist off 
Northwest Cape, Australia. 

MISc'ELLANEOUS REMARKS. 

Upon referring to fig. 1 i t  will be noticed that because of 
proximity to nodal lines the range of tide around Ceylon and 
southern Hindustan miist be small. For the same reason 
the tide along the outer or southwestern coast of Sumatra 
should be small. The tide at  the western end of the soutli- 
ern coast of Java should be smaller than is the tide farther 
east. All these requirements accord well with the observed 
facts as can be seen upon referring to the large map, fig. 5 .  

The distribution of the cotidal lines through each of the 
nodal lines respectively located east of Ceylon, off the RIalabnr 
coast and ob  Somaliland, has not been made, upon the map, in 
accordance with any assumed mathematical law. The lines 
are chiefly conjectural although in accord with the observations. 

Upon measuring the dimensions of the oscillating areas, it 
may appear that the actual lengtliS are a trifle too short for 
the existence of large tides, although no definite criterion has 
been laid clown in such matters. There are difficulties in the 
application of Lagrange's rule to even a canal-like body of 
variable depth. It seems, however, upon comparing the times 
required for the eruption of Krakatoa to  have been felt a t  
ports in India, Arabia, ancl Africa, that the areas as laid down 
on fig. 1 must have a free period suficiently long to permit 
good stationary oscillations. Is 

The map shows several cases in which a derived wave is 
produced at  a sudden sh~rtling. '~ For example, the Gulf of 
Martaban, the vicinity of the months of the Ganges, the Gulf of 
Cambay, and off the Cfulf of Iintch. The progression north 
of Australia is due largely to such sudden shoalings as the 
Sahul Bank. A dependent stationary wave is apparent in the 
Gulf of Iiutch, and some traces of dependent stationary waves, 
shown in the acceleration of the times of the tide, can be seen 
at  the 80-mile beach (on the northwestern coast of Australia) 
and near and in the mouth of the Hugli River. 

Sokotra Island and neighboring shoal have some influence 
upon the distribution of the cotidal lines in that locality. A 
similar remark may be made concerning the Laccadive and 
Maldive islands. 

In  passing through Sunda Strait, the range rapidly climin- 
ishes, while the cotidal lines bunch up.14 A somewhat similar 
statement is true of the narrow straits farther east. 

The tide wave entering Palk Strait proceeds southwesterlp 
1' CY. The Eruption of Krakttoa and Subsequent Phenomena, tabulation 

opposite page 148 and Platv SSYV. 
18 Cf. Appendix No. 7,United State5 Coast aucl Geodetic Survey Relicirt, 

1900, lemma 10, 70. 
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up Palk Bay, a t  about the rate due to depth, nearly to Adams 
Bridge. 

The tide proceeds southeasterly through Malacca Strait, but 
not a t  the rate due to depth alone, excepting in the broader 
portion. 

EVIDENCE OBTAINED FROM TIDAL STREAMS. 

The directions of the observed tidal streams as given in the 
Admiralty Pilots aEorcl some clue to the character of the tidal 
oscillation, especially in localities where the motion is recti- 
linear. Around the Malclive Islands the flood stream sets east- 
erly and around the Chagos Archipelago it sets southeasterly. 
I n  the northern end of Mozambique Channel the flood sets 
southerly and in the southern end northerly. Moreover, we 
find that flood slack occurs soon after high mater in the chan- 
nel, as a stationary oscillation requires. These facts coulcl 
hare been inferred from figs. 1 and 5. 

On the southern coast of Cape Colony, from Table Bay east- 
ward to Port, Alfred, no sensible tidal stream exists although 
there is a moderately large rise ancl fall. This is in accordance 
with the lines of motion terminating at  the shore which runs 
nearly perpendicular to them. 

The southern shore of Baluchistan lies a t  the loop of the 
half-wave area as also of the whole-wave area. Consequently 
the tidal streams should there be weak, and observation shows 
this to be the case. 

Across the shoals and around the islands east and northeast 
of Madagascar, there are strong tidal streams. According to 
the map of coticlal lines, this is a region where the tide varies 
both in time and in range; such conditions always imply large 
accelerating forces for the water masses and generally large 
velocities, especially oyer shoals. 

In  the short straits which separate from one another the 
islands east of Java, the currents shoulil be swift. This state- 
iiient is confirmed by observation. But whether or not the 
time of masimum flood velocity is an hour or BO before the time 
of high water a t  the aouthern ends of the straits has not yet 
been ascertained. 

Strong tidal currents occur among the Nicobar Islands and 
generally among the Andaman Islands. At Table Island the 
streams turn at  about the times of high and low water. 

The streams in the Gulf of Suez accord well with the notion 
of a stationary wave, the times of slack water very nearly CO- 
inciding with the times of the tide at  the head of the gulf. 

See fig 1. 

THE ENDOWMENT OF RESEARCH IN METEOROLOGY. 

[In the suninlor of 1909, the Chief of the Weather Bureau and other 
nfficials had ~)ccasion to present to the C'nrnegie Institution their views 
on the buliject of the applivation of a portion of the fund6 of that institu- 
tion to the promotion of research in meteorology. The icleas then pre- 
sented were not very different from thoso lately defended in an interest- 
ing paper of a general character by Professor Chamberlin, the eminent 
geologibt nf the Uuiversity of Chiuago, who has himself published im- 
portant papers hearing on the connection hetween the atmosphere and 
geology. In the belief that Profebsor Chnmberlin's paper must contrib- 
ute to promote research in meteorology and eleratr the standing of our 
science in the colleges and universities of the country, we have requested 
him to prebent it for publiclation in the MONTHLY WEATHER REVIEW; 
in an early number we shall also sulimit the special reports presented to 
the C'arnegie Institution.-ED.] 

HOW CAN ENDOWMENTS MOST EFFECTIVELT AID RESEARCH ? 
~y Pld .  T. C'. C H ~ Y B E R L I N ,  Head of the Dqicwtiuent of Geology, University of Chicago. 

I am not sure that I have rightly apprehended the special 
phase which it is desired the discussion should take, if, indeed, 
it is desired that it should take any one trend rather than 
another among those that are perhaps equally embraced under 
the broad theme announced. I have interpreted the above 
question as though it read, Ry ic4at assigitnied of eiidoionients 
c m  resrarch hr n i o x t  @ectitally aided? 

I ttssume that, with some rare exceptions, endowments may 
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be welcomed in whatever form they may come, but that their 
effectiveness may be much greater or much less according as 
they are judiciously or injudiciously placed. Some endow- 
ments indeed may be so hampered by restrictions that they are 
better declined than accepted, but these, it may be hoped, will 
grow more and more rare as intelligence relative to what is 
wise in the endowment of research increases. 

I assume that the principles which control modern success 
in most other enterprises will be found applicable in general 
to the endowment of research, and that among these princi- 
ples are specialization in subject, careful choice of talent, the 
largest possible use of the highest talent, the greatest possible 
avoidance of inferior talent, concentration of effort by institu- 
tions of limited means, and coordination of effort between in- 
stitutions of whatever means, rising to close combination in 
effort whenever practicable. I assume that the cliscussion 
should take the form of concrete suggestions rather than of 
general principles. 

1. Endoiunient qf chairs qf researcli.-The time is fully ripe 
for the special endowment of chairs of research. The pro- 
mise of results from such endowment is very great. Not a few 
of the chairs in our leading universities are devoted chiefly to 
research, but this is usually due more to  the personal force 
and peculiar endowments nf the occupant than to self- 
determined provision on the part of the institution or its pa- 
trons. The chairs that are endowed primarily for research are 
very rare. There ought no longer to be a struggle on the 
part of the capable investigator to free himself from obliga- 
tions to teach so that he niay devote himself to creative work. 
It need not be urged here that creative work is more service- 
able to mankind than expositional work or even disciplinary 
training. Real capability for investigation of 8 high order 
being granted, all pressure from the institutional environment 
shoulcl be such as to impel the investigator to give hiinself as 
undividedlg as possible to research. 

The endowment of chairs of research is here first urged not 
because it is superior to the modes of endowment yet to be 
considered, but because it requires but  a moderate gift, as 
gifts now run, and is therefore within the reach of a large 
number of possible patrons, to whom endowments in more 
than six figures are impossible. From $100,000 to $200,000 mill 
effectively endow a chair of research from which great results 
in time may be expected. Endowments of less amounts may 
be macle to provide that a specific fraction of the time of the 
occupant of a chair shall be devoted to investigation, and thus 
creative work may be effectively promoted by  a modest sum. 

2. Eridoicwierits.for drpaitnitwtal research.-No scientific staff 
of a university shoulcl regard itself aa fulfilling its mission in 
any adequate way if it does not devote an appreciable portion 
of its energies to investigation. At present the provision for 
research is usually rather vague and uncertain, if indeed there 
is specific provision for i t  a t  all. While theoretically recog- 
nized as a proper function and perhaps cordially appreciated 
by the authorities of the institution, there is in actual practise 
a constant struggle between the demands of instruction and 
the desire for investigation, in which the preponderance of 
pressure growing out of the rapid growth of most universi- 
ties too often lies on the instructional side. Relief for research 
is to be found in endowments specifically devoted to the pur- 
pose. It is here proposed that the endowment shall be made 
to the depnrtmnt rather than to a specQific chair. The applica- 
tion of the revenue is, in this case, broader and more plastic 
than in the endowment of a specific chair. The function of 
research mag be distributed among the members of the staff 
according to their capahilities nnd tastes, and thus give to 
them something of the touch and inspiration of creative work, 
while they still retain an instructional function of greater or 
less degree; or i t  may be concentrated a t  one time in a given 
line by a given member, and at  another time in a different line 

by another member as conditions may favor. It is not in all 
cases, perhaps not in most cases, altogether best for the in- 
vestigator to be relieved entirely from instructional function, 
since the exposition of his work has it8 good effect in forcing 
the organization of his thought. The critical review of it, 
as he assumes the obligation of presenting i t  to younger 
minds, is wholesome, as are also the questions and discussions 
incidental to such presentation. But the amount of such 
profitable instructional work has rather severe limitations. 
Endowments for departmental research may wisely range 
through the permutations of six figures into those of seven. 

3. Etidorunients for .special research combinations.-The early 
settlers of the broad fields of this country mere accustomed to 
leave a wide, unbroken '' turn-row '' along their line fences, 
and long after the general settlement of the country these 
presented almost the only remaining virgin soil. It has been 
much the bame in the pioneer cultivation of the scientific 
fields. Between the recognized realms of physics, chemistry, 
astronomy, biology, geology, and other sciences there is a 
border ground, which has been less cultivated than these 
recognized fields, and here lie the richest virgin grounds of 
the scientific domain. Their adequate culture requires the 
cooperation of men trained in the several cognate fields. A 
combination of men skilled in physics, astronomy, and mathe- 
matics is essential to the highest results in astrophysics. An 
association of men skilled in chemistry, physics, mathematics, 
ancl geoloey i s  requisite to the most promising attack upon 
the complicated problems of geophysics; and so of other 
broader grounds. There is, therefore, an eminent oppor- 
tunity to promote research by endowments which shall pro- 
vide for the cooperative investigation of two, three, or more 
men whose combined talents ancl training may fit them to 
engage jointly in a common inquiry. The endowment here 
must be large to be effective, but where it can be made ade- 
quate its promise of fruitage is most eminent. 
4. E/duiunwtits f o r  schools or collr~lrs of rPsearch.-This is but 

a larger phase of endowments for departmental research, but 
with this difference; in the latter it is presumed that the de- 
partmental staffs of universities will continue to be, as a t  
present. organized primarily for instructional work, while in 
the proposed endowment of schools or colleges of research it 
is presumed that research will be the dominant feature and 
instructional work will be incidental. Very great creative 
results would flow from the judicious establishment of schools 
of research in chemistry, physics, biology, geology, and other 
sciences analogous to the staff s of astronomical observatories 
where investigative work is now the declared purpose. 

I n  the initial stages of the development of this scheme it is 
assumed that these schools of research must be individual 
and localized in different institutions, since no institution does 
now, or probably can in the immediate future, command the 
means for the establishment of such schools in all the depart- 
ments that invite investigation. But if one inutitution were 
to concentrate upon one science or one limited group of sci- 
ences and another institution upon another science or limited 
group of sciences, the universities of the country might togpfher 
cover the field effectively. It were much better, to my mind, 
if the aspirations of a university should take a definite special- 
ized form of this kind in some one or some few lines, than that 
i t  should distribute its efforts over all lines with inferior suc- 
cess in each because of its limitation in men and means. It 
is probably not beyond the resources of any great university 
to secure t>he development of some one or two effective schools 
of research if it were content to make R selective effort and 
were wise enough to do this. 

5 .  Tlv e w 1 u f i o ) i  ef ioiitvrsitiex itito assemblages of research 
Erhr)ols.--Ultiniately i t  i H  to be hoped that each of the greater 
universities will succeeil in developing a large group of re- 
sertrch ~ ~ h o o l s ,  and that with this there will cane a gradual 
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reorganization of the constitution of universities, involving 
their transition from the function of personal education to 
the higher function of creative work. The English universi- 
ties are now essentially an aggregate of colleges, each of which 
is mainly devoted to personal education. The ideal of a uni- 
versity, as here entertained, would make the coming university 
an association of colleges of research for the benefit of man- 
kind as a whole. I n  the English university the several col- 
leges cover essentially the same ground and are duplicative 
in their work and competitive in their relations. I n  the ideal 
university the colleges would occupy distinctive fields and be 
supplementary and stimulative toward each other and in no 
sense duplicative. Their primary function would be creative 
work for all mankinci rather than didactic or disciplinary work 
for individuals. 

6. Eiidowiiieiits for independent wsli f  tit ions cf rcsmrch.-The 
preceding discussion has related essentially to universities. 
Aside from organizations under governmental patronage, uni- 
versities are at present the chief agencies of research. It is 
doubtless quite within the truth to place to their credit by far 
the largest amount of creative work done independently of 
government patronage. None the less, there is, to my view, a 
large and special place for independent institutions of research 
and endowments for such independent institutions are invited 
by their promise of fruitfulness. Every university has its 
special relations with some portion of the social organism by 
which it is fostered and to which, because of that fostering, i t  
is in special bonds. While this relationship of support and con- 
sequent bondage is one of greatly preponderating good, i t  is 
not without its moiety of trammeling and limitation. I n  order 
to fill out the full complement of institutions suited to the most 
effective promotion of creative work, another class of insti- 
tutions not subject to these relations is needed. These needed 
institutions might indeed likewise have their own special re- 
lationships with their own limitations and trammelings, but 
they should none the less fill a place not occupied by existing 
universities, nor likely to be occupied by them. More than 
this, these independent institutions of research should stand 
in relations of wholesome competition to the universities and 
by representing a different phase of endeavor should thereby 
contribute to the broadening of the B U ~  total of influences a t  
work for the promotion of research. 
7. Endotuntents -for the higher coordination of research.-What- 

ever may be the development in any of the institutions to 
which the phenomenal generosity of American men of means 
have contributed, or may yet contribute, it must still remain 
true that for an indefinite time the whole field of research can 
not be effectively cultivated by m y  institution, and there must 
be a large need for adjustment and cooperation, that the en- 
ergies of research may be distributed to the greatest advantage. 
Even if i t  were possible for any institution to reasonably at- 
tempt the whole field, cooperation and coordination in research 
need to be cultivated to prevent wastage by unnecessary du- 
plication and to give the greatest and best results by the 
adjustment of work to work. At the present stage of clevelop- 
ment provision for cooperation is eminently desirable and en- 
dowments devoted to this end give promise of being preemi- 
nently productive. The ideal scheme of coordination contem- 
plates the correlation of talent and equipment in all the insti- 
tutions devoted to research without regard to institutional 
relations. It should be as free as human nature permits from 
predilection toward one of institutional organization rather 
than another. It should be its function to develop, to use, 
and to coordinate talent, effort, and equipment wherever it 
may be, quite regardless of institutional connection, or lo- 
cality, or of other matters than its possibilities of fruitfulness 
in creative work. 

It need not be remarked here that we seem to be on the 
threshold of this great realization, and it is not too much to 

hope that each of the other forms of endowment will, in some 
large measure, appeal to the generosity and appreciation of 
American men of wealth. 

HAWAIIAN OLIMATOLO(3ICAL DATA. 
By CURTIS J. LYONS, Territorial Meteorologist. 

OBSERVATION8 AT HONOLULU. 

The statiou is at 3 l 0  18' N. 157O 5W W. It is the Hawaiian Weather Bureau station 
(see fig. 2 NO. 1 iA the MONTHLY WEATHER REVIEW for J U I Y  1902 page 966.) 

Hawaii'au standard' time is 1Ub 3 W  slow of Greenwich time. Houololu~local'meao time 
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The rain gage, 8 inches in diameter, is 1 foot above round. Thermometer, 9 feet above 
grouud. Ground is 43 feet aud the barometer W feet afove Rea level. 

Meteorological Obaervatbn.9 ut Honolulu, March, 1905. 

Teiupera- 
tore. 

Means. 29.690 63.0 

Dewt-1 ure.. -.047. 1 .... 
I 

sure for hfarch, 1YO3, (9+: 
*This pressure is as recni 

served at 6 a. m. local or 
( 6  C 9+2 + 9)  +i. Z deau 

Maximum thermometer 

P 

t- n 

t 
- 

61: 
65 
60 
60 
59 
64 
6U 
64 
69 
65 
65 
67 
64 
6'4 
67 
63 
58 
511 
64 
61 
5: 
5s 
65 
6: 
5s 
59 

e 

5 

t 
60 
ti0 
59. 3 
69 
57.5 
62.5 
58 
61. 5 
63. 5 
57.3 
56 
59.5 
61.5 
6ti. 3 
66. 3 
li2 
56. 5 
55. 5 
55 
54.5 
55. 7 
57 
62.5 
61 
56.5 
57 
57. 5 
59 
GO 
57. 5 
55.5 

d e * 

- 

.... 
59. 2 

.... 
- 

luring twenty-four hours preceding 1 p. LLI. Greenwich 
t.ime, or 1:30 a. m. Honolulu time. 

- 

$ 
.* 
I 
- 

73 
74 
73 
75 
76 
78 
78 
78 
78 
76 
73 
73 
76 
76 

76 
70 
72 
73 
72 
i2 
72 
73 
74 
77 
76 
75 
75 
73 

12 

7a 

!3 

... 
7A 

... 
- 

-~ 

.- z a  a 2 ~ i g  a 

z G an .- l;z 

I t  
59 52.7 63 
61 66.5 67 
64 58. 5 75 
59 5Y.3 do 
58 59.0 i 6  
57 59.3 76 
6.4 62. 5 YO 
60 5Y.7 79 
60 61.7 77 
65 60.3 72 
64 52. 7 til) 
65 53.3 59 
65 57.5 65 
62 62.3 78 
63 66.3 56 
66 li4.0 86 
62 58.5 81 
57 53.i  67 
56 53.3 67 
63 50.0 58 
53 51.6 65 
56 5 6 . 3  82 
57 58.5 76 
65 61.3 80 
61 59.3 73 
50 %. 5 72 
58 55.3 70 
57 56.5 70 
64 53.7 61 
65 57.5 70 
6 2  -53.0 62 

............. 
61.3 57. 5 72. : 

.... -4.0 +o.: 

Wind. 

unc. 
ne. 
ne. 
ue. 
?-be. 
w u e .  
6-U. 
sw-u. 
sw. 
sw-ne. 
nne. 
ne. 
ne. 
<W. 
SW. 
Sw-ll. 

nw-u. 

nue 

sw-11. 
sw-w. 
w-sw. 
w-0. 
SW-w. 
nw-w. 

uw-ne. 

uue. 

nne. 

ne. 
ue. 
ne. 
ne. 

........ 

........ 

........ 

- 

1 
; 

~ 

1 
7 

3 
2-0 
14 
1-0 
1-0 
14 

0 
1-3 
&4 
4-3 

3 
1 4  
1-0 
1-0 
1 4  
1-3 

3 
3-1 

3 
1 4  

0 
0 

3-0 
2 4  

2 
3-1 
1 

5 4  
.&2 

... 
1.8 

... 
- 

3-0 30.04 29.94 0.00 
3-0 30.06 29.95 0.00 
1-0 30.05 29.95 0.00 
1-3 30.04 29.94 0.00 
6 2  30.09 30.00 0.00 

2 30.12 30.04 0.00 
2-0 30.12 30.01 0.00 
5-1 30.03 29.94 0.00 

6 1 0  29.99 29.m 0.01 

5 30.04 29.95 0.00 
3 30.02 29.95 0.00 

0-8 29.95 29.R1 0.00 
10 2Y.88 29.78 0.00 

10-5 29.89 29.81 0.00 
0-10 2Y.95 29.86 0.00 
&8 29.94 29.82 0.00 
0-5 29.94 29.85 0.00 
7-1 30.04 29.90 0.01 
8-0 30.13 30.00 0.00 

3 30.13 30.W 0.17 
4 30. 15 30. 08 0. 22 

................. 1.03 

4.2 30.01729.916 ...... 

-0.4. ............ -2.73 

vh 1903 (6 + 2 + 9 )  i 3=67.3; normal is i0.9. Meau pres- 
+ i=?Y.b70; normal is 30 017. 
bd at 1 p. m., Greenwich time. These temperatures are ob- 
31 p. m.,  Ureeuwich time. I &eye values are the means of 
rt scale. 
at 9 p. m. aud minimum at 2 p. in.. local time. 

Mean temperature table. 

Stations. 
~ 

Eleva- 
tion. 

Pepeekeo ............................................... 
................. 
................. 

.............. 
Waikiki ................................................ 

For/. 
100 

2, i 30  
521 

1,600 

50 
50 

350 
60 

1,725 
Jo 
15 

2,700 

hllean Cor. 
iuiu. av'ge. 

0 0 

64. 8 68. 2 
S . 2  61.6 
62.6 67. 7 

51. 7 60.8 
.............. 
....... 

58.0 l..'.tii;i 
63.0 68.7 
55.0 1 67.2 ............... 
64.0 i 69.9 
62. 6 68.2 


